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REMOTE 
By Rex Peterson 
REX PETERSON is coordinator of Remote 
Sensing for the Conservation and Survey 
Division. 
SENSING 
Remote sensing is a method of 
getting information from a dis-
tance. For remote sensing of the 
earth's surface, with photographs 
or images, that distance can be 
several thousand feet or hundreds 
of miles. 
Aerial photographs are not new; 
in fact, during the American Civil 
War, Union forces sent photo-
graphers up in balloons to photo-
graph Confederate positions. The 
first aerial photos of large areas of 
the United States date back to the 
1930's when the U.S. Department 
of Agriculture began a large-scale 
project of photographing farm-
land from airplanes. 
Today's remote sensing differs 
from aerial photography prior to 
the 1950's in that (l) pictures are 
taken from much higher altitudes 
and thus include more area than 
previously, (2) pictures are taken 
not only with light visible to the 
human eye but with energy not vis-
ible to humans, (3) pictures are 
taken much more frequently, (4) 
pictures cost less since the advent 
of satellites equipped with optical 
scanning systems, and (5) pictures 
now are available of most of the 
earth's surface. 
Although remotely sensed data 
can be in many forms, most of the 
work being done in Nebraska is 
with pictures. The Remote Sensing 
Center (part of the Conservation 
and Survey Division of the Insti-
tute of Agriculture and Natural 
Resources) has color infrared 
photographs of more than a third 
of Nebraska, some from altitudes 
of 40,000 and 60,000 feet. 
The Remote Sensing Cener has 
pictures taken by astronauts from 
270 miles on the skylab mISSIOns 
(Continued on page 4) 
• 
Fig. I, Above, photo taken by Skylab astronauts from 270 miles above Nebraska showing the Nio-
brara and Missouri Rivers a nd Lewis and Clark Reservoir. Fig. 2, Below, a center pivot irrigation 
system photographed from 60,000 feet. Lush vegetation is red on the false-color infrared film. 
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Remote Sensing ... 
(Fig. 1 is an example). Figure 2 is 
a color infrared photo taken by a 
RB-57 airplane from 60,000 feet. 
Thousands of pictures are trans-
mitted back to earth by the unman-
ned LANDSAT satellite (Fig. 3). 
The LANDSAT 1 satellite (for-
merly called ERTS 1) was launched 
3 years ago and is still transmitting 
images back to earth via radio. 
LANDSAT 2, launched inJanuary 
1975, has the same capabilities as 
LANDSAT 1 and is used mostly 
for areas outside the United States. 
Both of these satellites are 565 
miles above the earth in orbits that 
take them directly over the north 
and south poles . 
The LANDSAT satellites do not 
take photographs with film in a 
camera. Instead, images are re-
ceived electronically in the fashion 
of a TV picture. A rotating mirror 
on the spacecraft scans a track 110 
miles wide, looking at "cells" 300 
feet square. The brightness of 
each cell is converted to a numeric 
value and is broadcast by radio 
beam to receiving stations. 
Approximately 6 million sepa-
rate radio signals are required to 
build one LANDSAT image, but 
that image covers 12,000 square 
miles of the earth's surface. Part of 
a: LANDSAT image of the Omaha 
area is shown in Figure 3. 
Actually, LANDSAT detects 
four different wavelengths simul-
taneously. One is made only with 
green light, one with red light, and 
two with infrared light. These four 
wavelengths produce pictures that 
can be viewed separately as black 
and white images, or they can be 
combined to make color images as 
shown in Figure 4. 
Many features of the earth's sur-
face appear differently in differ-
ent colors, so the amount of in-
formation available is greatly mul-
tiplied by having separate images 
made from different colors of 
light. Another advantage of 
LANDSA T imagery is repetitive 
coverage; each LANDSAT passes 
over the same spot every 18 days. 
Because the two LANDSAT satel-
lites are in different orbits it is pos-
sible to obtain new sets of pictures 
4 
every 9 days. Repetitive coverage 
detects changes and takes advan-
tage of different appearances of 
the earth at different seasons. 
Nebraska's Remote Sensing 
Center has achieved national rec-
ogmtlOn for its application of re-
mote sensing. Over the past 3 
years, the National Aeronautics 
and Space Administration has 
supported the University of Ne-
braska in a wide variety of projects 
Fig. 3 LANDSAT image of eastern 
Nebraska. The Missouri River on 
the right forms the outline of a man 's 
face ("Hungry Omaha)" with the 
Platte River meeting it at the chi n. 
for research and applications of 
remote sensing. Cooperative pro-
jects have been supported by other 
agencies. Among the applications 
has been an inventory, by means 
of LANDSAT imagery, of Ne-
Fig. 4 Color composite 
image of southwestern 
Nebraska made from three 
separate LANDSAT images 
in July 1973. 
braska's wetlands (made for the 
Game and Parks Commission) . 
This inventory is complete. Maps 
showing the distribu tion of open 
water, marshes, seasonally flooded 
areas, and subirrigated areas 
throughout the state are being 
prepared. 
Satellite images of Nebraska 
show thousands of center pivot ir-
rigation systems. In fact, a land-
mark for the Skylab astronauts was 
the cluster of center pivots in Holt 
County. More than 6,600 center 
pivots have been counted in Ne-
braska and the number of pivots in 
different counties will be used for 
fuel allocation in case another fuel 
shortage develops. An inventory 
of irrigated land, which is much 
more difficult than counting 
center pivots, is underway. In a 
dry summer, such as 1974, irri-
gated land is quite easily identified 
on infrared imagery. To test the 
method, inventories have been 
made for Phelps and Dawson 
Counties. 
Maps showing the main cate-
gories of land use in Nebraska 
have been prepared from satellite 
imagery. Much more detailed 
maps showing dominant land use 
in each 10-acre parcel of land are 
in preparation for several Natural 
Resource Districts. The Remote 
Sensing Center's land use map of 
Lancaster County won an interna-
tional cartographic award. 
Agronomists are doing research 
on range management and forage 
density in the Sandhills. Using 
computer data from the LAND-
SA T satellite they can accurately 
determine rangeland condition. 
With some improvements, their 
technique could be used as a range 
management tool. 
Other applications of remote 
sensing are in the field of geology. 
In areas where rock fractures yield 
much water, locations for several 
good wells have been determined 
from high altitude photographs . A 
new technique is being tried to lo-
cate structures where oil and gas 
dep-osits might be located. 
Remote sensing provides an in-
expensive, timely means of getting 
information for large areas. In 
addition, the perspective provided 
from high altitudes, the images 
taken in wavelengths other than 
visible light, and the repetitive 
photos all contribu te to a tool that 
will prove to be increasingly more 
useful. 0 
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FARMER NEB on 
Teaching with television is not 
new, but a group of eastern Ne-
braska county Extension agents 
are using television in a new way to 
reach a farmer-rancher' audience. 
The agents created and pro-
duced a series of live television 
programs broadcast in prime time 
NORMAN TOOKER is County Extension 
Agent Chairman of Douglas County. 
I Extension Specialists participating in-
cluded: Paul Guyer (Beef Cattle). Bill Zol-
linger (Livestock Development District 
Specialist). Allen Wellman (Marketing). 
Mike Turner (Marketing). Phil Henderson 
(Farm Management). Wally Moline (Forage 
Crops). Alex Martin (Pesticides and Weeds). 
Ed Penas (Soils). Robert Roselle (Entomol-
ogy). Doug Duey (Farm Management Dis-
trict Specialist). and Iowa Extension 
Specialist Errol Peterson, 
By Norman Tooker 
last winter over the Nebraska Edu-
cational Television N etwork. 1 
Early in 1976 they will have an-
other series of programs on the air. 
The series is unique because it is 
an area effort, the brainchild of 
Extension agents in a cluster of 
counties around Omaha. While 
still in its beginning stages, the 
series has proved to be an efficient 
method for these agents to reach a 
large audience on a relatively li-
mited budget. 
Called "Farmer Neb," the series 
covered a broad range of topics of 
interest to farmers, ranchers, agri-
businessmen, and others involved 
in agriculture . 
More than two years ago, the 
agents expressed a common con-
cern about their agricultural edu-
FARMER NEB logo as seen on screen, 
the • aIr 
cation programs. The agents had a 
wealth of information to pass 
along to farmers, but traditional 
evening Extension meetings were 
losing their effectiveness. Often 
they were poorly attended. This 
raised the question about justify-
ing the time spent by county agents 
and state Extension specialists in 
planning the programs and travel-
ing to meeting sites. 
The agents decided to try televi-
sion teaching as an alternative. 
The University of Nebraska at 
Omaha expressed interest in air-
ing a farm-oriented program over 
KYNE-TV (Channel 26) and sug-
gested 8 to 9 on Thursday eve-
nings during February and March. 
The station covers Douglas, and 
parts of Washington, Dodge, 
Saunders and Sarpy Counties in 
Nebraska and Pottawattamie 
County in Iowa. 
The original plan was to air the 
progra~ to the Channel 26 view-
ing audience. However, through 
the cooperation of the Nebraska 
Educational Television Network in 
Lincoln, "Farmer Neb" became a 
statewide program. I t originated 
from the Omaha studio and was 
electronically "fed" to KUON-TV 
in Lincoln to be broadcast over the 
network. 
County agents across Nebraska 
helped promote the program, but 
the core of agents who created 
"Farmer Neb" continued to pro-
duce it. They are: Ron PuIs, Burt 
County; Tom Leisy, Washington 
County; Jim Novotny, Dodge 
County; Gayle Hattan and Marvin 
Carlson, Saunders County; N or-
man Tooker, Douglas County; 
Larry Schulze and Bob Wollman, 
Sarpy County and District Director 
Loyd Young. 
The format was simple and sets 
and props were kept to a mini-
mum. Norman Tooker, Douglas 
County Agent, served as modera-
tor for an around-the-table dis-
cussion panel that included one or 
more state and district Extension 
specialists , a farmer and an addi-
tional county agent. 
The specialists made a 10- to 
12-minute presentation with slides 
or visuals, and the panel discussed 
the topic being covered. On four 
of the programs viewers called in 
questions for the panel members 
to answer. 
The Douglas County Extension 
Board supported the program; 
Norman Tooker outlined pro-
grams and prepared scripts . 
Technical advice was provided by 
Tom Bare, Extension Specialist 
(Television) and Dee Clouse, Ex-
tension Specialist (Visual Aids). 
The 1975 programs covered "A 
Timely Look at Livestock Nutri-
tion," "Livestock and Grain 
Marketing-Outlook and Alterna-
tives," "The Dollars and Sense of 
U sing Crop Residues," "Crop 
Pests (Weeds and Bugs) and Soil 
Fertility," "Farm Family Estate 
Planning," and "Farm Leases and 
Farm Records." 
Viewers Call In 
What has viewer response been? 
On the programs that invited tele-
phone questions, calls came in 
from 35 counties in Nebraska, plus 
some from Iowa, South Dakota 
and Kansas. Based on the number 
of calls received, K YNE-TV staff 
estimated a viewing audience of 
between 16,000 and 20,000 for 
each show . Following the pro-
grams, county Extension offices 
received many requests for circu-
lars and notebooks mentioned on 
the air and received letters asking 
for further information. 
In addition to these informal 
methods for testing viewer in-
terest, several hundred Douglas 
County farmers and county Ex-
tension agents statewide were sur-
veyed on their reaction to the pro-
grams . 
A summary of the surveys shows 
that each program was watched by 
about a third of the farmers who 
responded to the survey. Many of 
the viewers sent in positive com-
ments, some saying they would 
have seen more programs had they 
not had conflicts. 
The county agents responded 
favorably as well. One of them 
suggested the program originate 
from different areas of the state so 
other agents could have a chance 
to participate. Another indicated a 
need for wider publicity ahead of 
the broadcast date. 
Further evaluation of the 
"Farmer Neb" series will be made 
at the conclusion of the 1976 
series . Plans are to include county 
Extension agents from other parts 
of the state in the new pro-
grams. D 
One show's panel, left to right , Norm Tooker, Douglas County Agent Chairman; Bob Dickinson, Millard 
farmer; Paul Guyer, Extension Specialist (Beef Cattle); Charlotte Kern, Douglas County Extension Agent 
(Home Economics); Bill Zollinger, District Specialist (Livestock Development). 
Potassium, Magnesium • In Panhandle Soils 
Table 1. Yields of corn as affected by fertilization with 50 pounds potassium per acre and 
30 pounds magnesium per acre. 
Fertilizer applied 
Potassium 
Potassium Magnesium plus 
Location l None only only magnesIUm 
Yield 
BulA BulA BulA BulA 
Aue 88 88 89 90 
Newkirk 120 119 120 120 
Frazell 109 III 109 112 
Schneider 62 60 62 61 
1 Names of farmers on whose property tests were conducted. 
Table 2. Amounts of nutrients taken up by corn at four locations. 
Nutrients taken up 
Average Potassium Magnesium 
Location yield Grain Stover Total Grain Stover Total 
LblA LblA LblA LblA LblA LblA LblA 
Aue 89 25 90 115 5 13 18 
Newkirk 120 34 120 154 8 17 25 
Frazell 110 31 110 141 7 15 22 
Schneider 61 17 60 77 4 8 12 
Table 3. Amounts of potassium and magnesium supplied to corn plants by irrigation 
water. 
Nutrient level Percent of water from rainfall 
in irrigation 0 10 20 30 40 
Location water Amount of nutrients supplied from water 
Ppm LblA LblA LblA LbiA LblA 
Aue:' 
potassium 10 40 36 32 28 24 
magnesium 27 110 99 88 77 66 
Newkirk: 
potassium 5 24 22 19 17 14 
magnesium 2 12 II 10 9 8 
Frazell: 
potassium 8 39 35 31 67 23 
magnesium 7 34 31 27 24 21 
Schneider: 
potassium 8 21 19 17 15 13 
magnesium 10 26 23 20 18 16 
I Cheyenne County average roncentrations are used since a water sample at the Aue location was not collected. 
Table 4. Amounts of exchangeable potassium in four soils. 
De~th in feet 
0-1 1-2 2-3 3-4 Total 
Location Exchangeable potassium 
LblA LblA LblA LblA LblA 
Aue 440 1060 1140 580 3220 
Newkirk 790 1090 1100 1420 4400 
Frazell 1060 690 400 450 2550 
Schneider 580 480 690 1340 3090 
Table 5. Amounts of exchangeable magnesium in four soils. 
DeE:lh in feet 
0-1 1-2 2-3 3-4 Total 
Location A vailable magnesium 
LblA LbIA LblA LblA LblA 
Aue 780 1490 1540 1000 4810 
Newkirk 810 2140 2390 2900 8240 
Frazell 700 610 590 560 2460 
Schneider 570 520 710 1260 3060 
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By L. A. Daigger and 
R. C. Sorensen 
University of Nebraska re-
searchers are continually evaluat-
ing various fertilization practices 
to determine those that increase 
crop yields and those that do not. 
Potassium and magnesium fer-
tilizers have been applied under a 
wide range of conditions and on 
many crops in Western Nebraska. 
Potassium fertilization has failed 
to increase yields of alfalfa, native 
range, subirrigated meadows, 
sugarbeets, corn or field beans. 
Similarly, magnesium has not in-
creased yields of corn and alfalfa 
significantly at any of severalloca-
tions. 
Some of the reasons that yield 
increases from fertilization have 
not been obtained showed up in a 
series of four experiments con-
ducted on private farms in Chey-
enne, Morrill, and Garden Coun-
ties. At each location, five rates of 
potassium and five rates of mag-
nesium were applied for corn. 
These rates ranged from 0 to 200 
pounds potassium per acre and 
from 0 to 120 pounds magnesium 
per acre. Corn yields were highly 
variable due to the nature of the 
soils, but consistent benefits from 
the application of these two nu-
trients could not be demonstrated 
atany of the sites. Table 1 shows 
the yields for the 50-pound rate of 
potassium and the 30-pound rate 
of magnesium. These rates are in 
the range of the amounts which a 
producer might apply. 
Nutrients taken up by the corn 
plant will end up in either the 
leaves and stalks (stover) or in the 
grain. Average concentrations of 
these two elements in the grain 
and in the stover can be used to 
calculate the amounts used in 
growing the plants. These 
amounts are given in Table 2. It is 
evident that the major part of 
these nu trients are in the stover. 
(Continued on next page) 
L. A. DAIGGER is District Extension 
Specialist (Soils) and R. C. SORENSEN is Pro-
fessor of Agronomy (Soil Fertility). 
The Challenge of Working With 
Hutnans in Nutrition Studies 
Rats, mice, chicks and other 
animals are commonly used in 
studies (bioassays) of protein in 
food products consumed by hu-
mans. Of course, while the animals 
can help researchers measure the 
protein quality of large numbers 
of samples, test results are not 
identical to those obtained with 
human subjects. 
For this reason, at certain times 
human bioassays of food products 
are made using controlled labo-
ratory procedures. It is a more 
complex, more expensive, more 
difficult procedure that is unsuita-
ble for everyday, routine evalua-
tions. But human subjects give re-
searchers the most valuable final 
evaluation of a food product be-
fore field testing and marketing. 
This is particularly true if a pro-
duct is likely to provide a major or 
substantial portion of a person's 
diet, such as meat substitutes, 
peanut butter, corn meal or wheat 
flour. 
For more than 25 years, human 
CO~STANCE KIES is Professor of Nutri-
tion. 
U sing an average rate of water 
used by corn (350 pounds of water 
taken upper pound of dry matter 
produced) and the concentrations 
of potassium and magnesium in 
the irrigation water, the amounts 
of nutrients supplied in the irriga-
tion water can be calculated. This 
amount also depends on the pro-
portion of water su pplied by rain-
fall, since rainwater contains es-
sentially no potassium or mag-
?esium. Typical values are given 
III Table 3. The table shows that 
even if 40 percent of the water is 
supplied by rain and continuous 
corn is grown, sufficient mag-
~esium will be added in the irriga-
tIOn water to completely supply 
By Constance Kies 
bioassays of protein quality of food 
products have been conducted by 
the staff of the Department of 
Food and Nutrition at the UN-L 
College of Home Economics. In 
that time some 2,000 human sub-
jects have participated. 
With some modifications, pro-
cedures are the same as those used 
in many other laboratories. Typi-
cally, human bioassays are plan-
ned differently from small animal 
bioassays. Small animal rations 
usually are formulated to contain 
equal levels of protein for protein 
efficiency ratio (PER) or nitrogen 
balance determinations on equal 
levels of product to determine 
feed efficiency ratios. Usually then 
animals are allowed to feed at will. 
In human bioassays, protein in-
take (usually expressed as nitrogen 
intake) is determined on a daily 
basis prior to the start of a study. A 
subject is given a mixed diet of 
weighed foods which he must con-
sume. Vitamin and mineral sup-
the crop, and at three of the loca-
tions raise the soil levels of mag-
nesium. If corn is harvested for 
silage additional magnesium will 
be required from the soil. 
The need for potassium and 
magnesium fertilizer depends on 
the ability of the soil to supply 
these nutrients. Tables 4 and 5 
give the amounts of potentially 
plant-available nutrients in these 
soils. Also, substantial amounts of 
nutrients not immediately availa-
ble to plants are present. 
Undoubtedly, the levels of these 
nutrients will decrease in soils 
where the amounts added in the 
irrigation water are less than that 
removed in crops. However, the 
plements, fruits or vegetables are 
also included as part of the human 
test diet. In rat/mouse bioassays, 
animals of the same strain usually 
are grouped, with each group re-
ceiving a different test ration. 
Human subjects vary in their 
genetic background, so usually 
each human subject must act as his 
or her own control. 
For example, if protein values of 
five varieties of wheat are to be 
com pared, each subject will re-
ceive test diets composed of each 
of the five test grains during five 
separate periods, usually of 4 to 10 
days each. Usually, egg, milk or 
casein will be used during a con-
trol period. Order of periods are 
randomized for each subject. 
Thus, for a usual grou p of sub-
jects (8 to 10 individuals in our 
laboratory), each will receive the 
diets in a different order. This 
helps minimize effects of time and 
order of presentation. To statisti-
cally prove differences, a similarity 
in pattern of response must be ob-
tained among all subjects. 
(Continued on next page) 
rate of depletion is less than 10 
percent of the plant-available 
potassium and less than 1 percent 
of the plant-available magnesium 
per year. As these nutrients are 
used additional amounts will be-
come available to plants from the 
soil minerals. 
These data illustrate why potas-
sium and magnesium deficiencies 
are uncommon in western N e-
braska. They also show that the 
likelihood of magnesium deficien-
cies in the forseeable future is ex-
tremely small. Soil and irrigation 
water tests can be used to deter-
mine the need for potassium and 
magnesium fertilizers where 
doubt exists. 0 
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Humans .. . 
If mass cheating (deviation from 
diet) occurs among subjects, the 
randomization of diet order re-
duces the possibility of false re-
sults. Both animal and human bio-
assay results tend to give data of 
greater comparative than absolute 
value. 
In rat/mouse PER bioassays the 
standard length of the feeding 
period is 28 days. In human bioas-
says, experimental· periods for 
feeding each test product is usu-
ally 4, 7, or 10 days allowing sev-
eral days for adjustment if total 
nitrogen intake is varied. N atur-
ally, in human bioassays longer 
feeding periods would be desira-
ble. However, each subject must 
receive all experimental test diets. 
When using open-laboratory 
subjects, the maximum total study 
length is about 50 days with a 
30-day study being preferable. 
In locked-laboratory studies 
using prisoners, we have gone to 
100 days, but anything beyond 60 
days is very difficult. 
Three groups of subjects regu-
larly participate in our studies 
-prisoners from the Nebraska 
Penal and Correctional Complex 
for Men, students and employees 
of the University of Nebraska 
-Lincoln in open laboratory 
studies, and adolescent boys also in 
open laboratory studies. Our 
techniques do not vary drastically 
in working with any of these 
groups. 
All of our subjects are volun-
teers who must sign statements to 
that effect in order to participate. 
When they volunteer, they are 
given information about the study 
stressing the bad points. For most 
studies, subjects eat all meals for a 
trial day. Then they are asked 
again if they still want to partici-
pate. Unless they are eliminated 
on the basis of medical examina-
tions, participation is allowed. 
Subjects eat three meals a day 
prepared for them at the U niver-
sity. Students and staff provide 
their own transportation to the 
East Campus dining room (eating 
hours are fairly flexible). Univer-
sity staff and technicians transport 
10 
the adolescent boys to campus and 
deliver food to prisoner subjects. 
Breakfast, lunch and dinner are 
the same each day. Breakfast is 
100 g applesauce, butter oil and 
jelly, and up to 200 g (two large 
slices) of starch bread or "test" 
bread (with the test protein baked 
into it). Lunch is 100 g tomato 
juice, 100 g canned peaches, non-
protein bullion, vitamin and min-
eral supplement, starch bread or 
test bread, jelly and butter oil. 
Dinner is 100 g green beans, 100 g 
canned pears, non-protein bullion, 
starch bread or test bread, jelly 
and butter oil. When textured 
vegetable protein was tested it was 
combined with the tomato juice 
and green beans into a casserole. 
The subject must eat all he is 
given, refrain from any snacking, 
show up for every meal, and col-
lect all his urine and stools-not 
just samples-for daily laboratory 
analysis. Subjects are equipped 
with mason jars, cardboard freezer 
boxes, and a zipper carrying case. 
In return for their participation, 
subjects are paid $4.00 a day. 
A waiting list 
of subjects wanting 
to participate 
This is little enough compen-
sation for the boredom of the 
diet, nuisance of carrying urine 
and stool collections with them 
throughout the day, travel restric-
tions, and risking the health 
danger-however slight-of living 
on a limited diet. Also, unlike the 
laboratory rat, human subjects 
have full lives which they must ad-
just to meet the study's demands. 
Nonetheless, subjects are not 
difficult to find and generally 
there is a waiting list. Food and 
nutrition students who will be 
dieticians are urged to participate 
in a study so they may have the 
experience of living on a limited 
diet. University students can save 
considerable money on food bills 
and make $4.00 a day besides. For 
all participants, it is a good test of 
self-discipline and certainly a uni-
que experience. Camaraderie with 
other subjects and a sense of be-
longing are other benefits subjects 
gain from participating. 
The true key to a successful op-
eration of human subjects lies with 
their selection and management. 
One must be absolutely honest in 
dealing with subjects if one wants 
honesty in return. Subjects are 
told anything about the study they 
wish to know. 
In our laboratory, subjects are 
praised and note is taken for what 
they are doing. Researchers try to 
see and listen to every subject at 
least once each day. Since we have 
30 to 40 subjects per study this is 
no simple matter. We are on call 
24 hours a day, 7 days a week. 
However, it is very important that 
we develop a good rapport with 
subjects when things are going 
smoothly in order to carry them 
through-and keep them on the 
program-when they are unhappy 
or depressed. 
Protection of human subjects is 
achieved by cooperation from 
medical personnel who serve as 
subject advocates, rather than as 
co-researchers. All studies are 
cleared by a committee at the Uni-
versity of Nebraska School of 
Medicine approved by the U. S. 
Department of Agriculture and 
the U. S. Public Health Service. 
Adolescent boys are under the 
care of their family physicians, and 
student subjects are under the di-
rect guidance and care of a physi-
cian assigned by the Student 
Health Center. All data are made 
available to the physicians for 
prison studies and for the adoles-
cent studies. 
The nutritional studies are not 
supposed to do anything for the 
subjects, such as help them lose 
weight or correct a nutritional 
problem. Participants are research 
subjects, not patients, and should 
not expect to gain physically from 
their work with us. 
They will benefit ultimately, 
however, as part of the consuming 
public purchasing food products 
backed up by protein studies such 
as those done at our University of 
Nebraska laboratory. 0 
Annual Windbreaks Save Moisture 
By Norman J. Rosenberg 
and Kirk W. Brown 
Researchers find 
that alternating 
short and tall crops 
in the same 
field can tncrease 
yield an average 
of 14 percent 
Only a few techniques can be 
used to decrease water stress in 
crops, and irrigation is the most 
widely known and used. But there 
is another technique that is effec-
tive, not costly, and deserves more 
attention than it has received to 
date. That technique is to use 
some sort of annual windbreak to 
lessen the effect of dry soil and hot 
winds on a crop. 
Most people think of wind-
breaks as a planting of trees. 
Another kind of windbreak can be 
quite practical in nearly all parts of 
the nation-the inter-planting 
of a tall annual crop among a short 
crop, such as corn with soybeans 
or sugarbeets. 
Trees vs. Plants 
Tree windbreaks or shelterbelts 
have some advantages. They give 
year-long protection, and there 
can be large distances between the 
windbreaks. But they are relatively 
costly, and their high initial in-
vestment is not returned for sev-
eral years. Also, tree windbreaks 
may take a great deal of land out 
of production and restrict the flex-
ibility in field layout. Of course, 
the harvest of wood eventually can 
be quite valuable. Also, trees some-
times provide a place where insects 
or pests can overwinter. 
Annual windbreaks do not pro-
vide year-round protection, but 
they are low in cost, require a min-
imal amount of land, provide al-
most immediate protection for the 
crop to be sheltered, allow flexibil-
ity from year to year, and can also 
be harvested for additional in-
come. 
NORMAN J. ROSENBERG is Professor of 
Agricultural Meteorology; KIRK W. BROWN 
is Associate Professor of Crops and Soil 
Science, Texas A&M University. 
How does a windbreak work to 
increase crop yield? Our research 
has shown that a properly de-
signed and spaced windbreak will 
filter and slow down the wind 
above the protected crop. There 
will be less vertical mixing of the 
air, meaning that the water vapor 
that is emitted by the crop will not 
be swept away from the crop and 
into the upper air as rapidly. In 
other words, the air immediately 
around a crop is more humid. The 
air above a windbreak-protected 
crop can be as much as 20 percent 
more moist than in a similar, un-
protected field. The air tempera-
ture in a protected field is also 
slightly higher; usually no more 
than 2 degrees (F) during the day. 
The increase in temperature has 
little effect on crop growth or on 
the amount of water use, but the 
increase in humidity has a marked 
effect. There is less evaporation 
from the soil and less transpiration 
from the plants, particularly dur-
ing hot, dry periods of the day. 
This means plants do not use soil 
water as rapidly, are less likely to 
wilt, and, since the stomates of the 
leaves can thus remain open, the 
plants will be able to carryon 
photosynthesis when plants in an 
unprotected field may not. 
Since the plants use the soil 
water supplied by rain or irriga-
tion more slowly, the roots have 
more time to explore new territory 
from which to take up more water. 
In the long run, this means the 
plants will be able to function 
longer and more efficiently be-
tween rains or irrigations. 
With less turbulence in the air 
there will be less mixing of carbon 
dioxide. But, since plants use far 
less carbon dioxide than water this 
factor does not appear to signifi-
(Continued on next page) 
II 
Windbreaks ... 
candy affect the crop growth. Our 
measurements do not show a short-
age of carbon dioxide in the air 
above a windbreak-protected crop. 
Windbreaks will provide the 
most striking results in arid cli-
mates. But tests conducted 
throughout the world have shown 
that windbreaks can increase 
yields in semi-arid and even 
humid regions. They are useful on 
both irrigated and dryland crops. 
Windbreaks should be planted 
perpendicular to the prevailing 
winds during the crop season. 
This is, of course, not always pos-
sible, and we and others have 
found that windbreaks planted in 
any direction - even on the con-
tour - will provide some protec-
tion for the crop. 
Ten Times the Height 
The spacing between wind-
breaks depends on the differ-
ence in the heights of the ma-
ture windbreak and the protected 
crop. We have obtained our best 
results with a spacing ten times the 
height difference. Thus, if a 
6-foot-tall windbreak is used to 
protect a crop that is 1 Y2 feet tall, 
the spacing should be 4Y2 feet 
times 10, or 45 feet. This would be 
equivalent to about 14 40-inch 
rows or 18 30-inch rows. We ex-
pect good results with spacings 
varying from 8 to 12 times the 
height difference. Once you de-
cide on the spacing, the wind-
breaks should be planted from one 
end of the field to the other. 
The windbreak should be dense 
enough to slow the wind, but not 
so thick as to make a solid barrier 
to the wind. If the barrier is solid 
the wind will be forced to go over 
the windbreak and will result in 
more, not less turbulence. The 
ideal windbreak is about 50 per-
cent porous, with the openness 
evenly distributed from top to bot-
tom. Two rows of corn or sor-
ghum plants spaced about 6 inches 
in the row should provide this den-
sity. 
There is little evidence that the 
windbreak will compete for nu-
trients or give too much shade so 
12 
as to stunt the crop. For one thing, 
short plants do not require as 
much sunlight as taller plants. The 
yield of the row of plants im-
mediately adjacent to the wind-
break is sometimes reduced slight-
ly, but this is more than made up 
for by increased yields in the other 
protected rows. 
One Tall, One Short 
Almost any combination of 
crops or varieties can be used, 
provided one is tall and the other 
is short. The practical combina-
tions will, of course, depend on the 
compatibility of planting, harvest-
ing, and cultural practices. The 
availability of machinery must also 
be considered. The ideal situation 
would be a short and a tall crop 
which could be planted at the same 
time with the same equipment, 
which would require the same fer-
tilizer, pesticides, and cultivation, 
and which could be harvested at 
the same time with the same 
equipment. 
Some of the combinations we 
have tried and farmers and other 
researchers have reported are 
corn to protect sugarbeets, corn to 
protect soybeans, sorghum to pro-
tect peanuts, and corn to protect 
vegetable crops. In some parts of 
the nation sunflowers or sugar-
cane may also be useful as the an-
nual windbreak. Varieties of mus-
tard are used in Russia to protect 
small grains. You must take care in 
selecting the crop combination not 
to choose two that require drasti-
cally different spraying programs, 
for example, a herbicide to protect 
one crop that would kill the other. 
Also, you would not want to use a 
crop combination that would force 
you to drive over one to harvest 
the other. 
Tall and Dwarf 
An easy combination would be 
to use tall and dwarf varieties of 
the same crop. Tall and dwarf var-
ieties of sorghum or corn may 
prove to be excellent combina-
tions. If multiple row planting 
equipment is used, it may be pos-
sible to put the tall variety in the 
seed box on one end. As the plant-
er moves back and forth across 
the field, two adjacent rows of the 
tall variety will be planted and the 
shorter varieties will be planted 
in all the rows between. 
One obvious use for annual 
windbreaks is in the production of 
high-value horticultural crops. 
Some growers already use sweet-
corn to protect tomatoes, melons, 
cabbage, and so forth. The corn is 
picked by hand as it matures, thus 
eliminating the need for special 
equipment. 
What sort of yield can be ex-
pected? As you might guess, there 
are a great many factors that in-
fluence yield. If a protected crop is 
irrigated the same way as an un-
protected crop and if there are no 
hot, dry days during the growing 
season, there will be little if any 
difference in yield. But if the tim-
ing of the irrigations or rainfall 
brings abou t a periodic soil mois-
ture stress and if hot, dry days also 
occur during the season, there will 
be a significant yield boost due to 
the windbreaks. The hotter and 
drier the year, the greater the 
yield difference between protected 
and unprotected crops. 
Yield Increase 
We took the results of a large 
number of different crops pro-
tected by annual windbreaks and 
came up with a figure of 14 per-
cent as an average yield increase 
due to annual windbreaks. This 
does not include the bonus har-
vest from the windbreak crop, 
which is also significant. Corn that 
was used to protect sugarbeets in 
one of our experiments at Scotts-
bluff, for instance, yielded 234 
bushels per acre. In an adjacent 
corn field the yield was 110 
bushels per acre. 
What are the disadvantages of 
annual windbreaks? You may 
need some specialized equipment 
for planting, cultivating, spraying, 
and for harvesting the windbreak 
crops. It is possible that certain in-
sects or diseases may be favored in 
the windbreak-protected crop be-
cause of the more moderate 
microclimate there. This is possi-
ble, but we have seen or read of no 
instances where this has hap-
pened.D 
The Rural Radio Turn-on 
The radio listening habits of 
farmers and ranchers-like most 
of their business-have changed 
with the times. 
In years gone by, a dust-covered 
radio was turned on every morn-
ing in the cowbarn and the cows 
were let in to find their favorite 
stall. While the morning farm, 
weather and market news was 
being delivered, fresh hay and 
grain were placed before each 
cow. 
The faithful radio played a 
"toe-tapper" beat thoughtfully 
selected to encourage old "Bossy" 
to let down her milk. The farmer 
aimed streams of milk in a steady 
tattoo into the milk bucket and oc-
casionally into a hungry cat's 
mouth. 
Many of the farm dairy herds 
are gone now and the remaining 
old style barns are quiet. Those 
not serving as storehouses echo 
with the throb of milking 
machines. The changing tech-
nology of modern agriculture 
-with fewer, larger and more 
specialized farms-has changed 
not only agriculture production 
but also the farmer's way of life. 
Morning and evening barn 
chores, with the radio as a wel-
come and constant companion, are 
largely a thing of the past. Now a 
farmer hears the latest market and 
weather news on a transistorized 
solid ~tate set in his pick-up or in 
the aIr-conditioned cab of a trac-
tor. 
When does he listen? In June 
1974 we surveyed almost 7,000 
JAMES K RAN . A . 
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By James K. Randall 
Farmers surveyed 
satd when they 
listened and 
what they would 
like to hear 
farmers and ranchers, with 2,375 
responding. About half of them 
said they listened to the radio be-
tween 6 and 8 a.m. and between 
noon and 12:30 p.m. During the 
summer months they are likely to 
be listening at 6 a.m. and turn the 
radio on about 7 a.m. during the 
winter. 
Television is commonly viewed 
between noon and 12:30 p.m., but 
in the summer more farmers listen 
to the radio at that time. Of course 
evening television has the largest 
audience. A majority of the farm 
and ranch listeners responding to 
our survey said they watched the 
10 p.m. news on television and 
would like some farm and market 
news included in the program. 
Probably the most significant in-
formation taken from our survey 
is that the listening habits of farm-
ers and ranchers are not much 
different from other listeners. 
Prime time for urban audiences-
commuting hours and noon--cor-
responds to popular listening times 
in rural areas. 
Radio stations which have kept 
in step with farm modernization 
have largely abandoned the tradi-
tional pre-dawn agricultural pro-
grams and are airing farm news 
and information during the break-
fast hours. 
What do rural listeners want to 
hear? Survey respondents indi-
cated that the weather, regular 
local market reports and outlooks 
and local farm news rated high on 
their list as most useful informa-
tion. Listeners said they would like 
all the news at one time and not 
scattered over an hour or more. 
They said they would like to hear 
market reports several times dur-
ing the day. Because farmers and 
ranchers take their radios with 
them, many said they would like 
in-depth programs on current ag-
ricultural topics that they could lis-
ten to while working. 
The farm and ranch audience 
wants and needs timely informa-
tion so that management decisions 
can be made. Radio has played an 
important role in helping farmers 
and ranchers make decisions, and 
if the broadcasting industry wants 
to continue serving agriculture, it 
will need to adapt and upgrade 
its agricultural service to fit a 
changing and dynamic industry. 0 
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Cow-Calf Management • the 1970's in 
By Allen C. Wellman, 
James G. Kendrick, and 
Michael T. Doyle 
Cow-calf operators have had to 
be shrewd managers the past few 
years to stay in business in the face 
of high-cost feed, low cattle prices, 
heavily grazed range, and rapidly 
changing conditions in the beef 
industry. 
To find out what their man-
agement practices have been, 
we surveyed a sample of 1,000 
producers asking about selected 
operational characteristics and 
marketing practices. More than 
250 of them-with various sized 
cowherds-responded to the sur-
vey. Marketing practices will un-
doubtedly change over time; how-
ever, this study provides bench-
mark data for future comparisons. 
Respondents from all areas of 
the state reported expansion of 
their cowherds. The western pro-
ducers reported expanding their 
herds at a 17-percent rate com-
pared to a IS-percent rate in the 
eastern area of the state since 1970. 
Few purebred cowherds (less 
than 7 percent) were being main-
tained by Nebraska cow-calf pro-
ducers. These herds were gener-
ally found among the smaller pro-
ducers (fewer than 75 head) and 
were more predominant in the 
southeast portion of the state. 
Most producers retained their 
calves through a growing phase. 
N early two-thirds of the producers 
carried calves through a wintering 
program. About half of the pro-
ducers grazed their calves through 
the summer months and over 
one-third backgrounded their 
calves on a high concentrate ration 
in preparation for the feedlot. The 
growing operations were most 
often in conjunction with the 
larger cowherds (more than 150 
head). 
Some form of preconditioning 
was performed by over 80 percent 
ALLEN C. WELLMAN is Extension Econ-
?mist (Marketing) and JAMES G. KENDRICK 
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of the respondents, although the 
meaning of "preconditioning" var-
ied considerably among produc-
ers. Some operators considered 
castration, dehorning, vaccination, 
weaning and creep feeding pro-
grams as preconditioning prac-
tices; while others noted that cast-
ration, dehorning and a minimal 
vaccination program were consi-
dered standard procedure and not 
preconditioning.· Seventy-eight 
percent of the operators castrated 
their bull calves before the sale; 74 
percent followed a vaccination 
program. Most commonly used 
vaccines were for blackleg and red 
nose control. Thirty-nine percent 
of the respondents weaned their 
calves before sale, and 31 percent 
fed a little grain in their precon-
ditioning program. Producers re-
ported that preconditioning costs 
averaged $1.40 per head and es-
timated returns to precondition-
ing of $4.80 per head. 
Marketing 
The auction market was the 
most important method of sale for 
feeder cattle and calves. Our sur-
vey indicated that 42 percent of 
the feeder cattle in Nebraska were 
sold through the auction (Table 1). 
Producers reported average sale 
weights of 472 pounds for steer 
calves and 443 for heifer calves. 
Operators of the larger cowherds 
typically sold lighter calves. Year-
ling sale weights averaged 737 
pounds and 677 pounds for steers 
and heifers, respectively. Yearling 
sale weights were generally lighter 
for the smaller producers. 
Sixty percent of the cow-calf 
producers sold feeder cattle at 
choice grade or better. Seventy-six 
percent of the producers with over 
150 head of cows reported selling 
choice grade feeder cattle com-
pared to 50 percent of the smaller 
producers. 
About 8 percent of Nebraska's 
cowherd owners sold feeder cattle 
with a pencil shrink. This practice 
was much more common among 
the larger operators. Actual shrink 
and pencil shrink were very closely 
r~lated for most producers selling 
dIrect to the buyer. Pencil shrink 
averaged 2.6 percent compared to 
a reported actual shrink of 2.8 
percent. 
Fifty percent of the respondents 
had out-of-pocket marketing costs. 
These costs, which included com-
mission, yardage and other similar 
costs, averaged $2.69 per head. 
Other reported costs were truck-
i~g (87¢), health or brand inspec-
tIOn (28¢) and weighing charges 
(l9¢). 
Varying forms and degrees of 
vertical coordination were ob-
served in the marketing practices 
used by many cow-calf producers. 
The range included: vertical 
integration (the control of two or 
more stages of production); formal 
cooperation (the use of sales con-
tracts and deferred payments); and 
other less formal cooperation 
measures (repeat buyers due to the 
seller offering desirable animals 
for sale as evaluated by perfor-
mance, reputation, quality or pre-
conditioning). 
Integration of operations gen-
erally took the form of wintering, 
grazmg, feedlot backgrounding 
and fattening. Sixty-five percent, 
48 percent, 37 percent and 10 per-
Table l. Percent of feeder cattle or calves marketed, by method. in Nebraska. 1972. 
Size of cowherd Geographical location 
Item 0-74 7:;-149 150+ Total W SC NE Total 
At auction 7S.S 67.0 29.S 42.0 31.S SO.3 54.1 42.0 
At terminal 0 2.5 2.S 2.4 2.5 2.0 2.4 2.4 
Direct to feeder 6.4 9.3 34.S 27.1 34.3 S.6 0.7 27.1 
(Outright) (6.4) (7.S) (21.1) (17.1) (21.6) (5.3) (0.7) (17.1) 
(On contract) (0) (l.5) (13.7) (10.0) (12.7) (3.3) (0) (10.0) 
To order buyer 2.2 5.4 27.0 20.4 27.4 0 0 20.4 
(Outright) (1.7) (4.2) (10.1) (S.O) (10.S) (0) (0) (S.O) 
(On contract) (0.5) (1.2) (16.9) (12.4) (16.6) (0) (0) (12.4) 
Retained ownership and fed out 9.5 13.5 5.2 7.1 3.0 S.6 39.5 7.1 
Other 3.1 2.3 0.4 1.0 1.0 0.5 3.3 1.0 
• the Sandhills Soil Fertility 1n 
In several areas of the Sandhills 
sprinkler irrigation has signifi-
cantly increased the number of 
acres devoted to intensive crop 
production man~~ement. The ap-
plication of fertIlIzer was usually 
impractical or uneconomical or 
both under traditional rangeland 
conditions. Thus, little need ex-
isted for detailed soil fertility in-
formation. However, effective fer-
tilization is essential for most effi-
cient crop production under irri-
gated conditions. As a result, de-
tailed information about plant 
nutrient levels in the soils of the 
area is required. 
A program has been established 
to obtain detailed plant nutrient 
information for the soils in those 
areas of the Sandhills where the 
number of irrigated acres is 
rapidly increasing. 
The first field survey was taken 
in Holt County. Soil samples in 
I-foot increments were taken to a 
depth of 6 feet at 28 si tes in the 
northern half of the county where 
irrigation is common. The sites 
were selected so that most of the 
common soil types in the area were 
represented. Twelve sites were 
being cropped and 16 were in 
rangeland. 
The objectives of this survey 
were to determine which plant 
nutrients were deficient or poten-
tially deficient in this area and to 
determine the effect of other soil 
~. c. SORENSEN is Professor of Agronomy 
(Soil Fertility). 
c.ent of the producers, respec-
tIVely, reported these forms of in-
tegration. 
The sale of feeder cattle by con-
tract was reported to be on the in-
crease. Eleven percent of the 
operators indicated selling cattle 
~Y Contract. These sales, primarily 
c mong larger producers, ac-
Ounted for 22 percent of the cat-
tl\sold by producers. 
even percent of Nebraska pro-
By R. C. Sorensen 
characteristics on the availability of 
nutrients to plants. Also, attention 
was given to identifying situations 
where groundwater pollution with 
plant nutrients was possible. 
Leaching by rainwater, applica-
tion of ammonium-containing fer-
tilizers, ~~d cropping all contri-
bute to rpaking soils acid. Since 
most of these soils are formed 
from sands which were originally 
slightly acid, their pH values 
would be expected to be less than 
7. Table 1 (p. 16) shows this is true. 
Decreasing the soil pH below 6.0 
tends to decrease the availability of 
phosphorus to plants, and limits 
microorganism activity. If pH val-
ues decrease much below S, in-
creasing amounts of soluble 
aluminum and manganese in the 
soil may reduce plant gr9wth. 
Liming Suggested 
In most cases, benefit will be ob-
tained by liming the soil if its pH 
value is below 6. Careful attention 
should be paid to micronutrient 
levels in the soil since liming above 
pH 6.S may decrease the availabil-
ity of micro nutrients such as zinc, 
boron, and iron. 
A wide range of phosphorus 
levels were found (Table 2). Gen-
erally, levels were below optimum 
for good crop growth. Four of the 
sites in native range had relatively 
high levels of phosphorus in the 
second through the sixth foot. The 
origin of this phosphorus is un-
known. The remainder of the sub-
soils from the native sites showed 
levels of phosphorus comparable 
ducers reported selling with a de-
ferred payment. These producers 
were primarily those with larger 
cowherds. 
Approximately 63 percent of 
the producers sampled sold to re-
peat buyers. Eleven percent of the 
operators felt they received a 
premium price for their feeder 
cattle from repeat buyers. 
Research pertaining to Nebras-
ka's cow-calf operations is con-
to those from the cropped sites. 
The phosphorus content of the 
surface soils which are cropped 
are slightly higher than those of 
the native sites, reflecting phos-
phorus fertilization. 
Most of the soils of Nebraska are 
well supplied with potassium, and 
soils in this area are no exception. 
Only three of the soils sampled 
were low enough to indicate possi-
ble need for potassium fertilizer. 
When these three soils were inten-
sively cropped in the greenhouse, 
only one of them showed potas-
sium deficiency symptoms. The 
ability of these soils to release large 
amounts of potassium is apparent-
ly due to high quantities of potas-
sium-containing minerals. 
Potassium moves downward 
very slowly in most soils. However, 
the survey data indicate that irri-
gation of the soils of the cropped 
sites has raised the potassium con-
tent of the lower subsoil (approxi-
mately 2-6 ft.) above that of the 
rangeland soils. 
Sulfur deficiencies are most 
common in sandy soils similar to 
those included in this study. Al-
though most of the soils surveyed 
were well supplied with sulfur, a 
small percentage of the soils were 
low in this nutrient. The surface 
foot of cropped soils showed 
slightly higher sulfur levels than 
rangeland soils. 
N one of the nutrients men-
tioned up to this point have seri-
ous pollution potentials. The 
compounds of phosphorus move 
(Continued on next page) 
tinuing and being expanded to 
involve more states in this region. 
Further studies intend to more 
closely examine the interrela-
tionships between the cow-calf 
producer, the feedlot operator 
and the feed grain producer. This 
will enable the various sectors of 
the cattle industry to more easily 
adjust to changing price, produc-




through the soil very slowly unless 
very high rates of fertilization are 
used with irrigation. Potassium 
and sulfur are sometimes found in 
groundwater at relatively high 
levels. The loss of these two nu-
trients to the groundwater repre-
sents at worst an economic loss to 
the farmer or rancher. 
Nitrate-Nitrogen 
In contrast, nitrate-nitrogen has 
a high pollution potential because 
of its effects on animals and hu-
mans. Table 3 shows the levels of 
nitrate-nitrogen found in this sur-
vey. 
Although the soils of the native 
sites are relatively low in nitrate, 
the average of the cropped soils is 
relatively high, probably reflecting 
applied nitrogen fertilizer. Two ir-
rigated soils contained over 900 
pounds of nitrate-nitrogen in the 
top 4 feet of soil; this is more than 
three times as much as that needed 
to grow a crop of corn. Contami-









Optimum range 6.3-7.5. 
nation of groundwater is highly 
probable under these conditions. 
In contrast, several of the crop-
ped soils contained less than 150 
pounds of nitrate-nitrogen in 4 
feet of soil indicating either good 
nitrogen fertilizer management or 
application of excessive amounts 
of irrigation water. 
Fertilizer recommendations for 
nitrogen should take into account 
the amount of nitrogen already 
present in the root zone of the soil. 
To reduce nitrate pollution, the 
amount of nitrogen applied should 
never exceed greatly the amount 
removed by the crop since any ex-
cess is likely to end up in the 
groundwater. Corn harvested for 
grain will remove slightly over 1 
pound of nitrogen per bushel of 
corn. About 60 pounds of nitro-
gen will be removed per ton of 
grass grazed or harvested. If crops 
appear to require rates of nitrogen 
much in excess of these guidelines, 
appreciable loss to groundwater is 
indicated and steps should be 
taken to improve management of 
Average 
All Cropped :'\J ative 
soils sites sites 
5.9 5.8 5.9 
6.2 6.2 6.1 
6.3 6.4 6.2 
6.4 6.4 6.4 
6.5 6.5 6.4 
6.4 6.5 6.4 









Optimum range 25-50 pplll in surface foot. 
























































fertilizers or irrigation water or 
both. 
Levels of calcium and mag-
nesium in the soil seem to be ade-
quate for the present. Although 
intensive cropping of the soils in 
the greenhouse failed to cause de-
ficiencies of these nutrients, in 
some cases plant levels became 
quite low. Soil testing procedures 
for these nutrients are available, 
but adequate interpretation of 
tests is limited by lack of field data. 
Soils deficient in calcium and 
magnesium, needed to develop 
field data, have not been found in 
Nebraska. 
Micronutrients 
Essentially no data are available 
to interpret levels of micro-
nutrients in sandy acid soils of 
northern Nebraska. Therefore, 
requirements for these nutrients 
must be based on crop growth in 
the greenhouse. 
Zinc was needed for good 
growth of corn on almost all of the 
subsoils, but relatively few of the 
topsoils. Generally, the higher the 
soil organic matter content, the 
less likely that the soil was deficient 
in zinc. Contrary to what has been 
found on calcareous soils, high 
levels of soil phosphorus did not 
seem to induce a need for zinc. 
Cropping did not produce de-
ficiencies of iron, manganese, and 
copper in the greenhouse. In fact, 
as the soils were cropped, the 
availability of these nutrients to 
plants seemed to increase, proba-
bly due to increased organic mat-
ter levels. In some cases the levels 
of manganese became high 
enough to cause concern about 
toxicity. 
Boron appears to be generally 
adequate for corn and grasses but 
may be needed on some soils for 
good growth of legume crops. 
Care must be taken when this nu-
trient is applied since even small 
amounts may be highly toxic to 
plants on these soils. 
Soil testing procedures for 
micro nutrients which will be use-
ful on acid, sandy soils are being 
developed. Field data will have to 
be collected to validate these 
methods. 0 
What 1S the Nutritional Value of 
DROUGHT-DAMAGED CORN? 
The drought of 1974 caused 
many farmers in eastern Nebraska 
to change plans in midsummer. 
Corn meant for grain was salvaged 
instead as silage. 
Whenever corn growth is stop-
ped by dry weather, the nitrate 
content of the corn plant becomes 
a major concern. Information col-
lected in other drought periods 
has shown that high levels of ni-
trate in drought-damaged corn 
may be toxic to livestock. How-
ever, there is little available infor-
mation concerning the influence 
of nitrogen (N) fertilization on the 
nitrate content of drought-dam-
aged corn. In addition, past re-
search has not measured the effect 
of N fertilization on the quality of 
drought-damaged corn which was 
used for silage. 
Realizing the need for this in-
formation, we decided to measure 
the effect of N fertilization on both 
the nitrate content and the quality 
of drought-damaged corn cut for 
silage. Plans which initially called 
for measuring grain yields from 
corn which had been fertilized 
with three rates of N were cancel-
led. Instead, the drought-dam-
aged corn was sampled four times 
at approximately 2-week intervals 
from late July through early Sep-
tember. 
At each sampling date, whole 
corn plants were chopped, dried, 
and analyzed for nitrate, protein, 
and the percentage of digestible 
dry matter. In addition, other 
plants were divided into four seg-
ments. All leaves were removed, 
dried, and analyzed for nitrates. 
!he remaining stalks were divided 
Into three sections. The first sec-
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tion consisted of the corn stalk (0-1 
ft. from the soil surface). The por-
tion of the stalk 1 to 2 feet from 
the soil surface made up the sec-
ond section. The remainder of the 
corn stalk was used as the third 
section. All samples were then 
dried and analyzed for nitrate. 
The concentration of nitrates was 
expressed as percent potassium ni-
trate (KN03). 
During this same period, many 
farmers who were concerned 
about the nitrate content of their 
corn brought samples to the Uni-
versity of Nebraska Northeast Sta-
tion at Concord. These samples 
were processed and analyzed for 
nitrate by the UN-L Soil Testing 
Laboratory. The nitrate concen-
tration of these samples was quite 
variable (Fig. 1). Of the 47 samples 
received, 72 percent had a potas-
sium nitrate (KN03) content below 
the level (1.5 percent) which is 
generally considered to be poten-
tially lethal for livestock. 
In general, the nitrate content 
of the samples submitted de-
creased during August and Sep-
tember (Fig. 1). This reduction 
could be attributed to either the 
increased maturity of the corn or 
the stimulation of new growth 
triggered by the late-July and Au-
gust rainfall. Measurable rainfall 
was received at the Northeast Sta-
tion on July 24, 31, August 1, 9, 
10, 14, 18,21,27, September 2, 8, 
and 12. 
The nitrate content of whole 
corn plants was increased by N fer-
tilization. The increases produced 
by N fertilization became smaller 
as the plants matured. When the 
corn was sampled on July 24, all N 
rates were associated with nitrate 
levels in the plant which are consi-
dered to be lethal for livestock. 
Nitrogen fertilization also in-
creased the nitrate content of corn 
sampled on August 19; but the 
level had dropped to a point which 
was not considered to be danger-
ous. The nitrate content of the 
whole corn plants which received 
no N was approximately .20 per-
cent KN03 and did not change 
throughout the sampling period. 
(Continued on next page) 
Fig. 1 Nitrate content of samples of corn silage 
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Nutrition . .. 
Fig. 2 The influence of N fertilization on the nitrate content of the four segments of the corn plant. 
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The highest concentration of 
nitrates occurred at the base of the 
corn plant (Fig. 2A). The nitrate 
content of the base of the plants 
which received no N was near the 
potentially lethal level on July 24 
but dropped below this level at the 
later sampling dates. The applica-
tion of N produced substantial in-
creases in the nitrate concentra-
tion in this portion of the corn 
stalk throughout the sampling 
period, but the concentration de-
creased as the corn matured. 
However, when N was applied, the 
nitrate concentration had not fal-
len below the generally accepted 
lethal level in early September. 
Lower concentrations of nitrate 
were found in the portion of the 
stalk from 1-2 ft. above the soil 
surface (Fig. 2B). Although the 
nitrate content of this segment was 
high onJuly 24, it had fallen below 
the generally accepted lethal level 
by August 19. 
Nitrogen fertilization increased 
the nitrate content of the top por-
tion of the corn stalk as well as the 
leaves for samples collected on 
July 24 and August 5 (Fig. 2C, 
2D). However, N usage had no in-
fluence on the nitrate concentra-
tion of these segments of the corn 
plant at later sampling dates. The 
nitrate concentration of these two 
plant segments did not approach 
the potential lethal level at any 
time throughout the study. 
The whole plant samples col-
lected on August 5 and 19 and 
September 8 were analyzed for 
protein and dry matter digestibil-
ity. The protein content of the 
c.orn was increased by N fertiliza-
tIon for the three sampling dates 
(Fig. 3). As would be expected, the 
protein content decreased as the 
corn matured. Regardless of the 
rate of N applied, the protein con-
tent decreased by approximately 1 
percent between August 5 and 
September 8. 
The percentage of digestible dry 
matter ~as not affected by the rate 
of ~pphed N. The digestibility re-
mamed relatively constant be-
tween August 5 and 19 at 68 per-
cent but dropped by approxi-
~ately 5 percent between August 
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Fig. 3 The influence of N fertilization on 
the protein content of drought-damaged 
corn in 1974. 
agreed that the digestibility of tis-
sue decreases with maturity. 
Some may have the impression 
that drought-damaged corn silage 
does not have the feed value of 
normal corn silage. Yet, tests have 
shown that cattle fed drought-
damaged corn silage gain as well 
as, and are as efficient as, cattle fed 
normal corn silage. Digestibility of 
normal corn silage is near 65 per-
cent. Drought-damaged corn har-
vested September 8 was slightly 
more than 63-percent digestible. 
Normal and drought-damaged 
corn, then, compare very favora-
bly from the digestibility stand-
point. 
The protein content of normal 
corn silage is generally lower than 
the protein content of silage made 
from drought-damaged corn. 
Normal silage has about 8.0 to 
8.5-percent protein on a dry basis, 
whereas drought corn cut Sep-
tember 8 had from 8.5 to 
II-percent protein. The addi-
tional protein in drought-
damaged corn silage can be used 
to reduce supplemental protein in 
cattle rations where natural pro-
tein is not mandatory. Rations for 
mature cows would be an example. 
Additonal protein in drought-
damaged silage above that level 
found in normal silage should not 
be considered in formulating ra-
tions for growing calves. The addi-
tional protein appears to be non-
protein nitrogen (NPN), a form 
not efficiently utilized by growing 
calves. Rations for growing calves 
should be formulated using aver-
age year, normal corn, protein 
levels (8.0 percent), and supple-
ments that contain natural pro-
tein. 
Nitrate levels in ensiled drought-
damaged corn will be considerably 
lower than levels in freshly cut 
drought-damaged corn. Fermen-
tation has been shown to decrease 
nitrate levels from 40 to 60 per-
cent. The nitrate content of most 
drought-damaged corn silage 
would then be below the danger 
zone. However, if high nitrate still 
is a concern, laboratory analysis 
should be obtained. Silage with a 
high-nitrate content can be fed, 
but precautions should be taken to 
adjust cattle to the feed and to mix 
the forage with feeds having a low 
level of nitrate. 
Although summers similar to 
1974 are not welcome in N e-
braska, future droughts can be 
expected. When they do occur and 
dryland corn must be salvaged as 
silage, the information from this 
study should provide a basis for 
predicting the influence of N fer-
tilization on both the nitrate con-
tent and quality of this corn. In 
addition, this information pro-
vides a basis for making the follow-
ing recommendations for farmers 
who intend to harvest drought-
damaged corn as silage. 
1. Cut high. If the harvesting 
equipment is set to cut at 8-lO in. 
(especially if the corn is cut early) 
fewer problems with nitrate toxi-
city can be expected. 
2. Delay harvest as long as pos-
sible. The nitrate content of all 
sections of the corn plant de-
creases with time. Any delay in 
harvesting the corn for silage will 
reduce the potential for nitrate 
poisoning. 
3. Samples of drought-dranaged 
silage should be analyzed for pro-
tein. The protein content of 
drought-damaged corn may be in-
creased by N fertilization. Results 
of analyses may lead to changes in 
the ration. Increased protein con-
tent of drought-damaged corn can 
be considered for rations for ma-
ture cows but not for growing cal-
ves.O 
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Right now may be 
The Titne of Your Life 
Which stage of family life is 
happiest or most satisfying? 
Romantically, the "honeymoon" 
implies the peak of bliss. Then 
"disillusionment," a subject for 
much joking, sets in. The arrival of 
the first child is considered a time 
of "crisis" for new parents. Young 
children demand much time. 
Teenagers offer many stresses for 
themselves and for their parents, 
now approaching middle-age. 
The "launching" stage, with 
children leaving home for college 
or other schools to prepare for 
careers, is a time of heavy strain on 
financial resources. The "empty 
nest" stage, when all fledglings 
have left home is looked forward 
to with dread by younger couples. 
They wonder what they will do 
with themselves when the house is 
so quiet. 
Positive Side 
All of the above could be inter-
preted in other ways of course. 
The honeymoon stage is exciting; 
the arrival of a baby calls for cele-
bration; small children provide 
new and fascinating experiences 
every day; children entering 
school give a mother more time 
for herself; and teenagers can, at 
least, be said to be "interesting." 
The launching stage implies com-
pletion of a major parental goal. 
Perhaps the empty nest stage 
sounds most forlorn, but freedom 
to explore personal interests and 
RUBY GINGLES is Professor and JIMMIE 
COOLEY is a graduate student in the De-
partment of Human Development and the 
Family. 
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the coming of grandchildren is a 
new delight. 
It is important to note that there 
is a difference between satisfaction 
and happiness. Life satisfaction has 
to do with a sense of self: self con-
cept, self direction, self confi-
dence, an "at-oneness" with one's 
own age and time and place. Hap-
piness is a part of this. 
In our research on developmen-
tal changes in the middle years of 
life, we attempted to measure the 
satisfaction of individuals at each 
stage of the family life cycle. Three 
Life Satisfaction Scales were given 
to an urban sample of 215 sub-
jects, aged 30 to 64 years. The first 
two scales were Indices A and B of 
Life Satisfaction Scales developed 
at the University of Chicago by 
Bernice N eugarten and others. 
The A scale was comprised of 20 
items that could be answered by 
"Yes," "No," or "Undecided." It 
included statements such as "I am 
just as happy as when I was 
younger" and "I feel old and 
somewhat tired." All items tended 
to reflect positive or negative feel-
ings of satisfaction about self. The 
mean score for 212 individuals was 
30.5 of a possible total score of 40. 
(A few subjects did not respond to 
some questionnaire items.) 
Neugarten's Scale B consisted of 
open-ended questions such as "Do 
you ever worry about your ability 
to do what people expect of you?" 
and "How often do you find your-
self feeling lonely?" The highest 
possible score would be 23 and the 
mean for our sample was 16.9. 
Scale C, "Middle Years Life 
Satisfaction Scale," was developed 
at Oklahoma State University by 
Nick Stinnet and Maggie Parks 
Hayes to measure satisfaction in 
seven areas of a married person's 
life. Of a possible score of 175 
points the average was 130.7 for 
our sample of 92 women and 58 
men. 
Important Minority 
On Scales A and B, the unmar-
ried individuals were combined 
with nine married who had no 
children. These two groups were 
rather small but are an important 
and growing minority in our soci-
ety. Scale C was given only to cur-
rently married subjects. 
The average scores indicate that 
most of the people in our sample 
are fairly well satisfied with their 
time of life. Differences between 
those in the separate family life 
stages are not highly significant, 
but the same trend exists for all 
three measures of life satisfaction. 
Perhaps surprising to many is that 
the highest mean scores are from 
those in the empty nest stage, after 
the children leave home. Next 
high are parents in the launching 
stage when children are off to col-
lege, technical schools, taking jobs, 
or getting married. Childrearing 
years are next for couples in this 
sample (parent ages would be in 
the 30s). Since we do not have 
anyone below 30 years, we found 
no couples in the "childbearing" 
stage, involved in having babies 
and pre-schoolers in the home. 
Fourth ranking in life satisfac-
tion is the "pre-launching" stage 
when most of the children are in 
their teens. Last of all are the 
never married and married per-
sons with no children. The mean 
life satisfaction scores for indi-
viduals in different stages of fam-
ily life and those identified with no 
special stage are presented in 
Table 1. 
Table 1. Mean life satisfaction scores for 
family life stages. 
Family stage N Scale A Scale B N Scale C· 
Childrearing 69 30.3 16.8 56 129.6 
Pre-launching 26 29.5 16.7 18 124.1 
Launching 39 30.6 17.0 32 132.7 
Empty nest 53 32.1 17.4 38 136.8 
No children 25 29.0 16.0 6 1l0.8 
Total 212 30.5 16.9 150 130.7 
*Differences on Scale C were significant at the .12 level of 
probability. 
Why would these stages be the 
time of least satisfaction in all 
three scales used in our testing? 
Doesn't having teenagers around 
make life more interesting, more 
vital? Or do couple relationships 
change at that time from the gen-
tle net of courtship and early years 
of marriage to a harsh cage of 
parenthood and middle years of 
marriage? 
There is, of course, no one an-
swer to why the pre-launching 
period appears to be less satisfying 
than other stages. However, some 
suggested reasons are: 
1. Teenagers, struggling to estab-
lish separate identities from their 
parents, are often in some state of 
crisis. This stage seems to be the 
one where there is least under-
standing between the two genera-
tions. 
2. The "letting go" process of 
watching one's child strive for in-
dependence can be painful. Will 
mistakes made have lasting ef-
fects? When and where should 
parents draw lines of authority? 
3. Parents may be involved in a 
critical analysis of themselves. 
They may be reassessing careers, 
marital relations, future goals and 
life styles. Unconsciously, they 
may resent the confusion and anx-
iety seemingly precipitated by 
their teenage children. 
4. Economic security has not usu-
ally been established and roles 
have proliferated (parental, social, 
civic, community) with accom-
panying pressures. 
All these and other strains may 
converge, causing one to ask one-
self, "Can I handle it?" 
The childrearing period, rank-
ing second lowest in satisfaction to 
parents, is an extremely busy time 
of life. Although children are then 
in school and the mother has more 
time to herself, she can become in-
creasingly involved in school, 
church, and community activities 
which form the supporting rela-
tionships to the home. This can be 
a time for doubts about self and 
parenting ability as children move 
toward te~chers and club leaders 
as role motlels. 
Though still tied closely to chil-
dren, mothers may be moving into 
jobs outside of the home and ex-
perience guilt feelings, either 
about being too child-oriented or 
too job-oriented. 
Lose Intimacy 
Couples may slip easily into 
mother-father roles and lose some 
of the husband-wife intimacy that 
was enjoyed in earlier years of 
marriage. Lack of privacy and 
time may bring a decline in de-
monstrated affection between 
spouses. 
The parents interviewed seemed 
to speak more positively about 
children who are working, going 
to college, and/or are married. In 
general, they had positive feelings 
about what their children were 
doing, how they "turned out," and 
revealed great pride in talking 
about them. These feelings were 
reflected in an average increase of 
18.6 points (about 15 percent) on 
Scale C score from the pre-
launching stage of life. Probably 
adding to their satisfactions was 
their own maturity. They may 
have resolved some of the prob-
lems of the mid-life crises, usually 
thought to be around age 40. 
Cou pIes in this stage tend to be in 
the later 40's and early 50's. 
Surprising as it seems to many, 
couples in the empty nest stage 
were experiencing the most satis-
factions. More time for themselves 
and their own interests, improved 
financial security, acceptance of 
present job status, and looking 
forward to retirement are exam-
ples of reasons given to inter-
viewers. These people are now 
reaping the rewards of having 
children. Those with grand-
children were enjoying that ex-
perience, but this was usually not 
the principal interest in their lives. 
This group probably represents 
the happiest of married cou pIes. 
The 25 individuals with no chil-
dren (19 single and 6 married) had 
the lowest life satisfaction scores of 
all groups. It is difficult to deter-
mine the meaning of this finding. 
On Scale A there is only .5 differ-
ence between means of this grou p 
and those in the child rearing 
stage. However, on Scale C the six 
married individuals with no chil-
dren had much lower scores than 
those in all family life stages. Find-
ings from studies comparing 
single with married individuals 
have yielded no consistent results. 
Our study and others seem to 
indicate that people in general 
find new satisfactions and happi-
ness with life as they grow older. 
When all subjects were asked, 
"How would you rate your happi-
ness during the last 5 years in rela-
tion to earlier years?", they an-
swered: 
Number Percent 
Happier 92 42.8 
About the same 88 40.9 
Less happy 31 14.4 
No response 4 1.9 
Total 215 100.0 
Stinnett, Carter, and Montgom-
ery, at Oklahoma State University, 
asked 378 older husbands and 
wives (aged 60 to 89; 51 percent 
men and 49 percent women) to 
indicate the happiest period in 
their lives (Journal of Marriage and 
the Family, Nov. 1972). The sub-
jects answered as follows: 
Number Percent 
Present time 190 50.3 
Middle years 92 24.3 
Young adult years 56 14.8 
Teenage years 22 5.8 
Childhood ~ ~ 
Total 378 100.0 
In conclusion, findings from 
our research, partially substan-
tiated by the Oklahoma study, do 
not support the view that youth is 
the best time of life. This may 
seem negative to some who have a 
nostalgic view of the "good old 
days," but may give young adults 
and middle-agers a more positive 
outlook for the future.D 
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Gypsy moth larvae at work. 
Keeping the 
GYPSY MOTH 
Out of Nebraska 
July photo of defoliated forest on the East Coast. 
By Jerold H. Bell 
Defoliated forests and ravaged 
trees in the New England states, 
New York and Pennsylvania are 
the legacy of the Gypsy Moth, a 
voracious insect which is gradually 
moving westward. Since its natural 
movement is quite slow-no more 
than a few miles a year-the Gypsy 
Moth has not looked like a serious 
threat to Nebraska. 
However, entomologists have 
discovered that tourists and other 
cross-country travelers are unwit-
ting carriers of egg-laying females. 
In July and August the moths set-
tle into the cracks and crevices of 
campers , trailers , hitches and 
bumpers . There they remain un-
detected , laying from 50 to 1,000 
eggs in a fuzzy, cocoon-like mass. 
The following spring they hatch , 
and if suitable food is available, a 
new infestation is started. 
Nebraska is threatened not only 
by potential tourist carriers cros-
sing the state and staying in camp-
grounds and parks, but also by 
Nebraskans traveling east and 
unknowingly bringing the Gypsy 
Moth home with them. 
Nebraska and other states , 
through the state departments of 
agriculture, are cooperating with 
the U .S. Department of Agricul-
ture (USDA) in a program to de-
J EROL D H. BELL is Assista nt Professor of 
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tect and control the spread of the 
Gypsy Moth. 
They are working to prevent de-
folia tion a nd death to trees and 
shrubs in parks , cemeteries , 
homes, and playgrounds . Native 
timber, shelterbelts , windbreaks 
and farmstead plantings also could 
easily fa ll prey to this defoliator. 
The Gypsy Moth larvae are vor-
acious fee ders on most of the 
species of trees and shrubs grow-
ing in Nebraska . One mature larva 
will consume as much as I square 
foot of leaf surface per day. Many 
of the hardwoods will die after two 
successive defoliations and the 
soft woods and evergreens after 
one defoliation. 
How far have they already 
traveled? In 1974 Gypsy Moth 
males were trapped in California, 
Flo rida, Georgia , Illinois , Mis-
so uri, North Carolina, Ohio, 
South Carolina, Virginia, 
Washington and West Virginia. 
Virtually all of these infestations 
have been isolated caches. How-
ever, newly established infestations 
were discovered in Illinois, 
Michigan, North Carolina and 
Ohio during 1974. 
Detection Program 
USDA and state agriculture de-
partments are preventing the 
moth's spread by checking suscep-
tible articles transported from in-
fested areas, running detection 
surveys and administering chemi-
cal control. DDT was highly effec-
tive against the Gypsy Moth. Since 
its ban other pesticides have been 
used without as much success . 
Chemicals will, however , eradicate 
isolated infestations and control 
damage in a generally infested 
area. 
With no adequate means of 
chemical control researchers have 
now turned to the use of sex lures, 
pheromones, juvenile hormones, 
male confusion tactics and parasite 
introduction . These show promise 
but not in the near future nor on a 
large scale. 
The detection survey used in-
volves a trap made of a paper cu p 
lined with tanglefoot and baited 
with a sex lure and hung in a tree. 
Male moths within a I-mile radius 
are attracted to the trap and get 
stuck in the tanglefoot. 
The original survey conducted 
by USDA and the Nebraska State 
Department of Agriculture was 
primarily to place traps in suscep-
tible host trees along the main av-
enues of entrance and travel 
through the state. However, this 
method did not reach the princi-
pal translocators, the visiting vehi-
cles and souvenir hunters. Conse-
quently, USDA consulted the Na-
tional Campers and Hikers As-
sociation which volunteered to 
undertake the trapping program 
as a national project. Last year the 
Nebraska chapter handled almost 
700 Gypsy Moth traps and this 
year expects to survey more than 
1,000 sites in our state in an effort 
to keep the Gypsy Moth from gain-
ing a foothold here.O 
Tanglefoot in a paper cup, mounted on a tree , traps male moths. 
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MANURE: Long-Term Study 
The use of animal wastes to im-
prove soil properties for crop pro-
duction was well established in the 
ancient Greek and Roman em-
pires. The oldest investigation of 
the long time effects of manure in 
the states west of the Missouri 
River has been conducted at the 
University of Nebraska Panhandle 
Experiment Station. From 1912 to 
1941, the experiment involved 
growing irrigated corn on a Tripp 
soil with no manure or commercial 
fertilizer applied. In 1942, the 
original continuous corn plot was 
divided. Half has received 12 tons 
per acre of wet barnyard manure 
each year, and the other half has 
received no manure. 
From 1942 to 1970 the non-
manured corn plot averaged 30 
LEON CHESNIN is Associate Professor of 
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Professor of Agronomy at Panhandle Sta-
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bushels per acre and the manured 
plot averaged 98 bushels per acre. 
The application of manure has 
been shown to decrease the bulk 
density and increase the rate of 
water infiltration into the Tripp 
soil from 0.2 to 2.7 inches per 
hour after 2 hours. 
Comparative Results 
Annual applications (1942-1971) 
of 12 tons of manure (fresh weight 
basis) per acre to the Tripp soil 
lowered the pH of the surface 8 
inches (20 cm) and increased the 
organic matter and total nitrogen 
contents of this soil depth (Table 
1). This is the result of the annual 
practice of plowing under the 
barnyard manure to a depth of 8 
inches. 
After 61 years of continuous 
corn production without applica-
tions of manure or fertilizer, the 
total nitrogen content of the Tripp 
soil had decreased markedly to a 
depth of 60 inches (150 cm) from 
the virgin condition of this field. 
Annual manuring since 1942 in-
creased the organic matter and 
total nitrogen contents of the sur-
face 12 inches (30 cm) substantially 
above the non-manured soil. The 
total nitrogen content of the man-
ured Tripp soil was nearly to the 
level of its virgin state as measured 
in 1912. 
The Tripp soil has the charac-
teristic to be relatively higher in 
available phosphorus in the sur-
face than other soils in western 
Nebraska which have not had 
applications of annual phosphorus 
fertilizer amendments. Annual 
plowing down of manure to a 
depth of 8 inches resulted in a 
higher level of available phos-
phorus to a depth of 2 feet (60 cm) 
as compared to the non-manured 
plot (Fig. 1). The increased amount 
of available phosphorus, origina-
ting from the manure, had moved 
Table 1. Influence of annual manuring (1942-1972) on pH, organic matter, total nitrogen, extractable iron, manganese and copper 












































































Organic matter, Percent 
0.69 0.72 0.64 
0.68 0.74 0.35 
Total nitrogen, Percent 
0.057 0.048 
0.054 0.049 0.043 
0.047 0.050 0.030 
Iron, ppm 
0.74 0.49 0.42 
0.61 0.36 0.26 
Manganese, ppm 
3.62 2.42 1.52 
2.74 2.21 0.89 
Copper, ppm 
0.26 0.22 0.18 































Shows Its Value to Western Soils 
6 inches (15 cm) deeper under the 
leaching influence of natural pre-
cipitation and irrigation than in 
the plot that was not manured. 
Organic compounds are re-
leased during the decomposition 
of animal wastes by soil microor-
ganisms. These organic com-
pounds have the ability to complex 
or combine in the soil with heavy 
metals, such as zinc, iron, manga-
nese and copper. These nutrients 
in organic complexed form are 
more soluble in water and are then 
subject to loss or movement from 
the surface by leaching when irri-
gation practices are followed. 
The stability or persistence of 
these heavy metal organic com-
plexes is directly affected by soil 
pH. With increasing pH of the soil 
above 7.0 (neutral), the heavy 
metal organic complexes become 
unstable and the metal precipitates 
out in an insoluble form that is 
generally unavailable to plants. 
The stability of the organic com-
plexes varies both with the nature 
of its chemical structure and also 
with the specific heavy metal that 
is complexed by the compound. In 
general, the organic iron com-
plexes tend to be more stable than 
those of other metals such as zinc. 
Available Zinc 
Annual application of manure 
resulted in a marked increase in 
the available zinc content of the 
Tripp soil to a depth of 8 inches 
(Fig. 2). Manure is an important 
source of zinc and the amount 
contributed to the soil by manure 
is directly affected by the zinc con-
tent of livestock rations. Manure 
also contains manganese, iron and 
copper. These heavy metals are 
Fig. 1 Influence of annual manuring (1942-1972) on 
available phosphorous contents of an irrigated Tripp soil. 
~1#'4~T' 
also essential for plant growth and 
the amounts in manure are influ-
enced by their quantity in animal 
rations. 
Extraction of soil measures 
mainly the available organically 
combined (chelated) heavy metals. 
A comparison of the extractable 
zinc levels shows a ten-fold in-
crease in the 0-4 inch depth of 
the manured Tripp soil as com-
pared to the non-manured soil. 
These continuous corn plots were 
annually plowed to a depth of 8 
inches and disked to a depth of 4 
inches. 
Of all the soil properties studied 
in this investigation, the only one 
with a marked difference in level 
between the 0-4 and 4-8 inch 
depths was the extractable zinc in 
the manured plot. 
(Continued on next page) 
0, ' Fig. 2 Influence of annual manuring (1942-1972) 
on available zinc contents of an irrigated Tripp soil. 
Manured __ _ 
Non-manured ____ _ 
Manured __ _ 
Non-manured ____ _ 
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The four-fold higher level of 
organic complexed zinc at the 0-4 
inch depth suggests that the great-
er degree of mixing of the manure 
with soil achieved by the combina-
tion of plowing and dis king to this 
soil depth, and perhaps increased 
oxygen supply, provided a more 
favorable environment for micro-
bial decomposition than at the 4-8 
inch depth, which was subjected to 
plowing only. 
Since the surface 4 inches does 
not remain in the same position 
but is plowed under each year with 
the annual manure application, it 
was concluded that a considerable 
portion of the zinc extracted from 
this depth originated from the 
sampling year's application. 
The level of extractable zinc of 
the 4-8 inch depth was still about 
three times that of the 8-12 inch 
depth. This suggests a low degree 
of stability and increased dissocia-
tion of the organic complexed zinc 
when incorporated by plowing to a 
depth where the soil has pH 7.0. 
Microbial decomposition may 
also be a factor in the mineraliza-
tion of organic complexed zinc. 
In the 4-8 inch depth of the man-
ured Tripp soil, with a pH of 7.0, 
the resulting inorganic ZN+2 ion 
would be precipitated, perhaps as 
an insoluble phosphate in an envi-
ronment with a very high level of 
Bray-l P (Fig. 1). The extraction 
would not complex or measure in-
soluble zinc phosphates. 
Effect of Applications 
It has been shown that in these 
rotations, applications of manure 
to the Tripp soil had increased the 
depth to free CaC03 to 30 inches 
as compared to 12 inches for the 
non-manured plot. This would in-
dicate that dissociation or 
mineralization of the organic zinc 
would not result in the predomin-
ant formation of insoluble zinc 
carbonates. 
The level of available zinc in 
soils is considered to be deficient 
for the production of corn and 
beans when it is less than 0.5 ppm. 
In the manured Tripp soil studied 
in the continuous corn experi-
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ment, there was an adequate sup-
ply of available zinc in the surface 
4 inches. From the 4-8 inch depth 
of the manured plot, the soil 
would be borderline for available 
zinc. Below 8 inches, the manured 
soil would be classified as deficient 
in zinc for the production of corn 
and beans at all depths sampled in 
this study. For many years it has 
been observed in greenhouse 
studies that the subsoil of a Tripp 
soil would produce zinc-deficient 
corn or bean plants. 
Iron 
In the 0-8 inch depth of the 
continuous corn plot, the level 
of available iron was higher in the 
non-manured than in the ma-
nured portion. Samples collected 
from below the 8-inch depth were 
higher in extractable iron in the 
manured than in the non-
manured portion of the plot. 
There was three times the or-
ganic complexed iron in the 8-12 
inch depth of the manured plot 
than in the non-manured plot. 
The levels of organic complexed 
iron in samples collected below 12 
inches were also higher in the ma-
nured than in the non-manured 
portion of the plot. This suggests 
that the organic complexed iron 
was mobile, and moved below 8 in-
ches under the leaching influence 
of precipitation and irrigation 
water. The organic iron had a 
higher stability and lower degree 
of dissociation than the organic 
complexed zinc at the higher pH 
values in the soil below the 8-inch 
depth. The available iron level in 
the Tripp soil was considered ade-
quate for corn but borderline to 
deficient for bean growth. 
Manganese 
In general, the levels of avail-
able manganese were higher in the 
manured than in the non-manured 
plot. At all depths, samples in this 
study showed levels of extractable 
manganese much higher than 
levels of available manganese in the 
Tripp soil were adequate for nor-
mal plant growth to a depth of 
24 inches in the non-manured plot. 
Below these depths, the soil was 
deficient in available manganese. 
these depths, the soil was deficient 
in available manganese. 
Copper 
The levels of available copper 
in the Tripp soil samples were 
only slightly higher in the ma-
nured than in the non-manured 
portion of the continuous corn 
plot. Organic complexed copper 
decreased with depth in the Tripp 
soil and were adequate to a depth 
of 24 inches and deficient below 
this depth. The relatively gradual 
decrease in levels with depth was 
not observed in the case of the 
other heavy metals studied in this 
investigation. These findings sug-
gested that manuring contributed 
only slightly to the copper status 
of the continuous corn grown on 
the Tripp soil. 
Undoubtedly copper supple-
ments were not included in the 
livestock rations or the resulting 
manure would furnish much 
higher levels of copper than ob-
served. The organic complexed 
copper in the soil probably mainly 
originated from the decomposi-
tion of corn plant tops and roots. 
As the density and weight of corn 
roots decreases with soil depth, so 
should the amount of copper in 
the root system. This suggests that 
organic complexed copper has a 
relatively high stability and may 
not be very water soluble or sub-
ject to leaching. 
The utilization of animal wastes 
by application to soil is important 
for the maintenance of soil organic 
matter content and its contribu-
tion to soil physical and chemical 
properties. Western Nebraska is a 
semi-arid region. Under this cli-
mate, the organic matter and ni-
trogen contents of cultivated soils 
decline unless some measures are 
taken to reverse the process. 
Under irrigation, where land 
shaping has been carried out, the 
removal of topsoil or com paction 
of sandy soils usually results in zinc 
deficiency of many crops. The use 
of manure in irrigation soil man-
agement will help to reverse the 
process of soil depletion through 
crop production practices, with 
the added benefit of increased 
yields along with the improved 
soil. 0 
The University Dairy Herd 
Some of Nebraska's most dedi-
cated "employees" are on the job 
365 days a year, 24 hours a day, at 
the University of Nebraska Field 
Laboratory near Mead. They are 
th e 150 milking cows and 175 
yo ung stock at the University's 
Dairy Center. The animals are in-
volved in experiments designed to 
produce answers to important 
questions facing Nebraska dairy-
men and the dairy industry. 
The herd is larger than one 
found on a typical Nebraska dairy 
farm because a large number of 
animals is needed for effective re-
search in feeding, reproduction, 
genetics, and various management 
areas. In feeding experiments , for 
example, we usually need a group 
of cows in a similar stage of lacta-
tion, gestation, age and of a certain 
minimum producing ability . At a 
given time it is often difficult to 
select as many as 30 cows which 
meet the specifications for a feed-
ing experiment. On most group 
feeding trials about 20 cows per 
FOSTER G. OWEN is Professor of Animal 
Science (Dairy Nutrition). 
By Foster G. Owen 
group are needed . To obtain 
sound data on reproductive and 
health performance even more 
animals are required. 
Here are some examples of the 
kinds of experiments we have 
been conducting during the past 
couple of years . 
Calf Research 
We are now finishing collection 
of data on lactation and reproduc-
tive performance of heifers raised 
on a new calf-rasing program de-
veloped at the Nebraska Experi-
ment Station over a period of 
years. We started several years ago 
by assigning, at time of birth, 40 
heifer calves to our new system and 
40 to a conventional calf-raising 
plan. The ca lves in this study 
worked for a minimum of 3 years 
to give us the complete set of data 
needed. At least 2 years were re-
quired for them to reach maturity 
for breeding and then to come into 
milk production, and an additional 
year for a full lactation of milk 
data. 
We have also compared whole 
milk and co lostrum preserved 
either by freezing or by natural 
fermentation as diets for starting 
calves. Effects of dilution and level 
of feeding diluted diets have been 
evaluated. We are just beginning a 
study of environmental require-
ments for calves in cooperation 
with agricultural engineers. An ex-
periment now in progress is testing 
effects of certain hormonal treat-
ments on growth and subsequent 
reproductive performance. 
Several trials have been con-
ducted on one of the major repro-
ductive problems that dairymen 
encounter-estrus detection. A 
large number of our heifers are 
being used to evaluate the possi-
bility of detecting estrus in cattle 
by measuring changes in the elec-
trical resistance (ER) of the vaginal 
mucus. Additional investigations 
for improving reproduction in-
clude work on estrus (heat) syn-
chronization, hormone treatments 
for reducing calving interval, and 
the effects of vitamin treatments 
(Continued on next page) 
"Calf cabanas," low-cost outside huts, kee p calves disease-free for their first 8 weeks. At right is Calf Manager Harvey Kennec. 
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on reproductive performance. 
Chromosomes of most of the ani-
mals in the herd have also been 
examined for detection of certain 
types of genetic abnormalities. 
Feeding Studies 
Corn silage is an increasingly 
popular roughage in dairy rations 
because of its high quality, high 
nutrient yields and its adapta-
bility to mechanized feed hand-
ling systems. However, a minimum 
of 5 to 6 pounds daily of hay is 
generally recommended with corn 
silage. Since inclusion of hay in 
complete-type rations is not read-
ily adapted to mechanical systems, 
we evaluated dehydrated alfalfa as 
a partial replacement for the corn 
silage. Sixty-five cows were as-
signed to the experiment which 
continued for two lactations. 
Other feeding studies with milk-
ing cows concern the value of 
high-fiber ingredients as replace-
ments for cereal grains. Thus far 
experiments with soy mill run and 
specially treated corn cobs have 
been completed. Research has also 
been conducted on stage of har-
vest of corn silage and various ad-
ditives for silages. 
Research is the primary func-
tion of the University's herd, which 
represents a distinct shift in pur-
pose contrasted to 30 years ago. 
In the 1930's and 40's most Uni-
versity dairy herds served primar-
ily as demonstration herds, a 
source of purebred stock, and in 
many cases, on-the-job training 
herds for students. Research was 
not a major concern. 
Today we recognize that univer-
sities playa minor role in supply-
ing purebred stock. Bull studs and 
purebred dairy herds can readily 
meet this need in most areas. Al-
though we employ some students 
to work with the University herd, 
experience working in well man-
aged commercial herds is usually 
more satisfactory. Commercial 
herds are managed with profit as 
the major objective, in contrast to 
University herds where research is 
the major concern. 
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Students who need practical 
training or desire new experiences 
may participate in the UN-L 
Livestock Industry Experience 
program. In this program they are 
assigned for a summer to work 
(with pay) in commercial opera-
tions where they can obtain the 
specific experiences they need. 
Although University herds 
today can serve to demonstrate 
certain practices, procedures and 
facilities, this role is distinctly lim-
ited for several reasons and dif-
e P = 
ficult to justify economically. First, 
facilities needed on a research 
farm are not the same as those 
needed for a commercial opera-
tion. Second, dairy farm tours now 
serve the demonstration purpose 
more effectively. On tours dairy-
men can see facilities adapted to 
various needs-herd size, con-
struction site, climate, available 
feed and many other conditions. 
We also use our animals to a lim-
ited extend for judging and dem-
onstration.D 
